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NORMAL DURATION OF TI33 ELECTRIC SYSTOLF: IN MAN 

Ye. B. Babskiy, V. L. Karpman and I. N. Ivanitskaya 

It has  long  been known that  the  duration of the Q-T in te rva l  / 1472 
of the  electrocardiogram,  conventionally  referred  to as the  e lectr ic  
systole,  depends on the  cardiac rhy-thm, in   o ther  words, on the 
length of the  cardiac  cycle. The dependence of the  duration of the 
Q-T interval’.’ on the  frequency of the  cardiac  contractions w a s  first 
described  mathematically by  two authors,  Fridericia [l] and Bazett 
[2], working independently.  Fridericia  expressed  this dependence 

3 
by means  of an  equation i n  which S = 8 -22 6 (S and C i n  hun- 

dredths of a second);  according t o  Bazett, Se = K f i  (K f o r  men i s  

0.37 and f o r  women 0.40). Both these  formulas  are  exponential  func- 
t ions of the  type: 

e e 

S = a C ,  n 
e 

differing  only  with  respect  to  the  value of the exponent  (according 
to   Fredericia  n = l/3, according to   Bazet t  n = 1/2) and the con- 
s tant   coeff ic ient  a. 

Somewhat l a t e r ,  Adam [ 3 ]  arrived a t  the  conclusion  that  the 
mathematical  description of the  interrelat ionship between the  dura- 
t i o n  of the Q-T in te rva l  and the  length of the  cardiac  cycle does 
not  require  the use of c m e s  of t h i s  order. He described  the  re- 
la t ion  between S and C by means of a linear  equation: Se = 0.1464 

C + 0.2572. Ashman [4], on the  other hand,  proposed a complex 
logarithmic  formula for  calculating  the  duration of the Q-T interval.  

These basic  types of formulas have recently been subjected 
t o  numerous experimental  checks, as a r e s u l t  of which the  authors 
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have introduced  certain  corrections. Now the number  of formulas 
describing  the  interrelationship between S and C has  considerably 

increased  (the  majority is reviewed i n  [5-7]). The present  investi-  
gation was undertaken  with  the  object of establishing, on the basis 
of a suff ic ient ly   large number of observations, which of the proposed 
formulas i s  bes t   f i t t ed   for   ca lcu la t ing   the   dwat ion  of the Q-T in- 
t e rva l  corresponding t o  a given  cardiac rhythm. 

e 

Nature of the  observations. 

The  work is  based on an  analysis of the  electrocardiograms 
of 307 more or less  healthy  individuals,  including 286 men and 121 
women.  The age of those examined varied between 1.7 and 59. The 
dis t r ibut ion among age  groups was as follows: 

17 - 1-9 20  -29 30 -39 40 -49 50 -59 

The electrocardiograms  analyzed were recorded for  standard 
electrode arrange.ments, with  the  subject  reclining  in a horizontal 
posit ion after a 10-15 minute res t .  The electrocardiograms were 
registered on a five-channel  photorecording  electrocardiograph. 

of the Q-T interval,   the  duration of the  e lectr ic   systole  was de- 
termined from the maximum value of the  interval.  Observations where 
the end of the T spike  could  not be clearly  distinguished owing t o  
superimposition of the U spike [8 ,  91 were not  included in   the  group 
analyzed. 

per .minute. 62 displayed  bradycardia, 3 slight  tachycardia, and 
the rest had heart  beats of normal frequency. 

Where different  electrode arrangements gave different  values 

The cardiac rhythm of the  subjects  varied between 94 and 46 

Results 

/ 1473 

The relationship between the  duration of e lectr ic   systole  
and cardiac rhythm, as we observed it, i s  shown i n  Fig. 1. In  order 
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to   obtain a mathematical  description of th i s   re la t ionship  and ex- 
press it by means of a suitable formula, a l l  our  observations were 
divided  into 7 groups, f o r  each of which we computed the mean dura- 
t ion  of the  cardiac  cycle and the mean duration of e lectr ic   systole  

[co.mtnas represent  decimal  points] 

Fig. 1. Duration of Q-T in te rva l  (Se) 

as a function of duration of cardiac 
cycle ( C )  for 307 .more o r  less  healthy 
individuals. a - 1 observation, b - 
5 observations. 

(Table 1). Employing the  coordinate system Se, C (Fig. 2 ) ,  we 

used the average data  thus  obtained  to  plot  points  characterizing 
the normal relationship between the duration of e lectr ic   systole  
and the  duration of the  cardiac  cycle  in  the  healthy  individuals 
we had investigated. On the  basis of these  points we constructed 
a curve which we attempted to   descr ibe by means  of a power function 
of type (1). The value of the  coefficient a i n  formula (1) was 
found  from the average  value of Se for C = 1. According t o  our 

observations, a = 0.383. The value of the exponent was determined 
empirically as follows.  using  equation (I), we constructed a 
family of curves  with  values of n varying from 0.3 t o  0.5. It 
was found tha t  n = 0.33 gives  the  best  agreement  between the 
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theoretical   curve and the  experimental  points. Thus , equation ( I) 
.may be writ ten  in  the  following form: 

0 -33 Se = 0.383 c . 

or, which amounts t o   t he  same thing, 

3 .  
Se = 0.383 &. 

From the  data  presented  in Table 1 it follows  that  the  values 
computed from equation (3) agree  sufficiently  well   with  the  experi-  
mental  values. 

Table 1. 

Duration 
of cardiac 
cycle , sec . 

in te rva l  

0.6-0.69 

0.8-0.89 
0.9-0.99 
1.0-1.09 
1.1-1.19 
1.2-1.29 

0.7-0.79 

.mean 

0.665 
0.748 

0.936 
1.028 
1.129 
1.230 

0.834 

No. of 
subjects 

9 
43 
60 
75 
53 
39 
28 

" 

Se, experim. 

sec. 

0.331 
0.352 
0.359 
0.372 
0.388 
0.400 
0.408 

3 
Se = 0.383 &! 

0 -332 
0.348 
0.360 
0.374 
0.386 
0 -399 
0.410 

Taking in to  account  the  fact  that  over  the  range of var ia t ion 
of the argument from 0.64 t o  1.3 seconds the  curvature of the  func- 
t i on  is  small, we proceeded to  l inearize  equation ( 3 ) .  We then 
obtained  the  following  linear  equation: 
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As shown i n  Table 1, and i n  Fig. 2 which serves t o   i l l u s t r a t e  
it, the  experimental  value of Se and C i s  sat isfactor i ly   descr ibed 

by equation (4) as well. When individual  values of the  duration of 

[comas  represent  decimal  points] 

Fig. 2. Actual  duration of Q-T i n t e r -  
va l  (Se) compared with  the  theoretical  

f o r  a given  cardiac rhythm. Circles - 
mean experimental  values of duration 
of Q-T interval   (see Table 1). a - 
based on formula ( 3 ) ,  b - based on 
formula (4).  For  the  sake of com- 
parison we have included  curves  (c) 
based on the  formulas of Bazett  [2] 

( S  = 0.37 &) and Hegglin-Holzmann e 

[E] (Se = 0.39 1/ C ) .  

the Q-T in te rva l  were  co.mpared with  those  calculated from equations 
( 3 )  and (4), it proved tha t   the  overwhelming majority of the 
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observations  fluctuated  about  the  theoretical  values  within  the 
limits + 0.04  seconds. A two-year  experiment  (begun i n  I-962), in-  / 1474 
volvingthe  application of equations ( 3 )  and (4) t o   t h e  work  of our 
own laboratory, showed their   effectiveness  in  evaluating a functional 
s t a t e  of .myocardia i n   s i c k  and healthy  individuals. 

Se and C are  expressed i n  hundredths of seconds, it assumes the 

form: S = 8.26 2/. Hence, our  data  are  almost  exactly  described 

by the  equation proposed more than 40 years ago by Fridericia.  
Furthermore, it turned  out  that  our  experimental  points  can  also be 
suff ic ient ly   accurately approximated by the  classical   equation of a 
parabola,  the  coefficients of which were selected [LO] after the 
analysis of a large number of electrocardiograms. 

posed by Bazett [2] and then  refined by Hegglin and Holzmann [ll], 
though the one  .most frequently used i n  cardiology,  does  not satis- 
factorily  describe OUT observations  (Fig. 2). 

due to  the  extremely small number of observations (39 individuals) 
on which his   correlat ion.   ser ies  i s  based. 

A comparison of equation (4) with  those  to be found in   t he  
l i terature  revealed i t s  similari ty  to  the  l inear  formula  recently 
derived by Simonson e t   a l .  [TI. The curves  expressing  the  inter- 
relationship between Se and C based on the  linear  formulas of other 

authors [E-14] are  steeper. They  do not  give a satisfactory  des- 
cr ipt ion of our observations. 

The question  arises whether it i s  possible   to  use o w  i m -  
proved  equations for  expressing  the  relation between duration of 
e lec t r ic   sys to le  and duration of the  cardiac  cycle  over  the  entire 
range of frequencies of the  cardiac rhythm and, i n   pa r t i cu la r ,  a t  
the  high tempos  of cardiac  act ivi ty  observed i n  connection  with 
physical  stress,  e.motiona1 s ta tes ,   fever ,   e tc .  

Although we do not have the  corresponding  data  available, 
we also  consider it incor rec t   to  use a f ixed   se t  of equations t o  
describe  this dependence no matter whether the  values of the  cardiac 
cycle  are  large or very small, as has  been done by cer ta in   invest i -  
gators [ 111. 

I n  a l l  probability,  the  various chrono- and inotropic  influ- 
ences on the  heart  in  the  presence of physical   stress and the  other 
s t a t e s  mentioned above may affect   the   re la t ion between the  duration 
of the  cardiac  cycle and the  duration of electric  Systole.  

Accordingly, we assume tha t   in   the   reg ion  of s.mall values of 
C the  interrelationship between Se and C should be described by an 

An analysis of our equation ( 3 )  shows tha t  if the  values of 

3 
e 

Further  analysis of our resu l t s  showed tha t   the  formula  pro- 

It seems t o  us that  the  inaccuracy of Baze t t ' s  formula i s  
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independent  equation,  different f r0 .m that  obtained for values of C 
prevailing under conditions of repose i n   t h e   n o m 1   s t a t e  of the 
0rganis.m. 

In  conclusion, we should  mention  the  question of the depend- 
ence of fluctuations  in  the  duration of e lec t r ic   sys to le  on sex and 
age. The l i t e r a tu re  on this   subject  i s  conflicting. Some authors 
have found a clear  dependence of the  duration of electr ic   systole  
on sex  [2, LO], others have f a i l e d   t o   f i n d  any s ignif icant   dif fer-  
ences in  the  duration of the &-T in te rva l  as between men and women 
[ll, 1.51. According t o  our  data,  other  things  being  equal,  electric 
systole lasts, on the  average, 0.01 second longer i n  women than  in  
men. On the  other hand, contrary  to  the  suggestions  in  the  l i tera- 
ture  [7, 151 that   the  &-T interval  increases  with age, we f a i l ed  
to   de tec t  any such increase  in  our observations embracing the  ages 
from 1.7 t o  59 years. 

In s t i t u t e  of Normal and Pathological Received: 
Physiology of the Acade.my of Medical Sciences USSR 4 March 1964 
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